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(57) ABSTRACT

An optical writing device is configured to form electrostatic
latent images on a plurality of photosensitive elements by a
plurality of light sources. The optical writing device includes:
an image-data acquiring section that acquires image data; and
a light-source control section that performs light-emission
control on the light source based on pixel data generated from
acquired image data, and also performs a neutralization pro-
cess on the photosensitive element by controlling the light
source to expose the photosensitive element to light. In the
neutralization process, the light-source control section
divides a period during which light-on/off control can be
performed on the light source, into sub-periods based on pixel
data input to the light-source control section, and causes the
light sources to be lit in any one of the sub-periods so as to
always place at least one of the plurality of light sources in a
light-off state.

8 Claims, 5 Drawing Sheets
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OPTICAL WRITING DEVICE, IMAGE
FORMING APPARATUS, AND METHOD OF
CONTROLLING OPTICAL WRITING
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority to and incorporates
by reference the entire contents of Japanese Patent Applica-
tion No. 2011-256296 filed in Japan on Nov. 24, 2011.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an optical writing device,
an image forming apparatus, and a method of controlling an
optical writing device.

2. Description of the Related Art

There has been a growing trend in recent years to comput-
erize information. This trend makes an image processing
apparatus, such as a printer and a facsimile used to output
computerized information and a scanner used to computerize
a document, indispensable equipment. Such an image pro-
cessing apparatus often has an image capturing function, an
image forming function, a communication function, and the
like so as to be configured as a multifunction peripheral
operable as a printer, a facsimile, a scanner and a copier.

An electrophotographic image forming apparatus is widely
used as an image forming apparatus, which is one type of such
an image processing apparatus, for use in outputting a com-
puterized document. An electrophotographic image forming
apparatus produces a printout by exposing a photosensitive
element to light to thereby form an electrostatic latent image,
forming a toner image by developing the electrostatic latent
image with a developer such as toner, and transferring the
toner image onto paper.

A method of performing exposure of a photosensitive ele-
ment by an optical writing device included in an electropho-
tographic image forming apparatus includes a laser diode
(LD) raster optical system method and a light emitting diode
(LED) writing method. When an optical writing device uses
the LED writing method, the optical writing device includes
an LED array (LEDA) head on which LEDs each associated
with one of pixels of one main scanning line are arranged in
an array.

An electrophotographic optical writing device generally
performs a neutralization process each time one print job is
completed. The neutralization process makes a charged state
of'a photosensitive element at the time of starting a next print
job uniform so that unevenness in amount of toner clinging to
the photosensitive element is suppressed to maintain image
quality (see Japanese Patent Application Laid-open No.
8-234646, for example).

Conventionally, an optical writing device that uses the LD
raster optical system has been mainstream. When the LD
raster optical system is used, exposure of an entire surface of
aphotosensitive element can be performed by keeping an LD
light source lit; in this case, maximum electric current is
unaffected. In contrast, when the LED writing method is
used, it is necessary to cause all LEDs contained in an LEDA
head to emit light to perform exposure of an entire surface of
a photosensitive element.

Total light quantity for use in optical writing using an LED
head is regulated, and control is performed in normal writing
control so as to prevent a situation where all LEDs on one
main scanning line light up concurrently. Therefore, an
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amount of electric current necessary for the normal writing
control is smaller than an amount of electric current that flows
to cause all the LEDs contained in the LED head to emit light.
However, to perform a neutralization process as described
above, a power source unit and a circuit of a capacity appro-
priate for an amount of electric current that is not necessary
for the normal writing control become necessary because the
neutralization process involves lighting up all the LEDs. This
not only increases apparatus costs but also makes an appara-
tus configuration inefficient.

The problem described above is not a problem of only an
optical writing device that uses an LED head but can be a
problem of any optical writing device that performs exposure
of'aphotosensitive element using a light-source element array
made up of a plurality of light-source elements as well.

There is a need to reduce a maximum amount of electric
current necessary for a neutralization process in an optical
writing device that performs exposure of photosensitive ele-
ments using light-source element arrays each made up of a
plurality of light-source elements.

SUMMARY OF THE INVENTION

It is an object of the present invention to at least partially
solve the problems in the conventional technology.

An optical writing device is configured to form electro-
static latent images on a plurality of photosensitive elements.
The optical writing device includes: a plurality of light
sources, each of the light sources including a plurality of light
source elements arranged in an array, and being configured to
form an electrostatic latent image on corresponding one of the
photosensitive elements; an image-data acquiring section that
acquires image data that is data about an image to be formed
as an electrostatic latent image; and a light-source control
section that performs light-emission control on the light
source based on pixel data generated from acquired image
data, and also performs a neutralization process to neutralize
electrical charge on the photosensitive element by controlling
the light source to expose the photosensitive element to light.
In the neutralization process, the light-source control section
divides a period during which light-on/off control can be
performed on the light source, into sub-periods based on pixel
data input to the light-source control section, and causes the
light sources to be lit in any one of the sub-periods so as to
always place at least one of the plurality of light sources in a
light-off state.

An image forming apparatus includes an optical writing
device. The optical writing device is configured to form elec-
trostatic latent images on a plurality of photosensitive ele-
ments, and includes: a plurality of light sources, each of the
light sources including a plurality of light source elements
arranged in an array, and being configured to form an elec-
trostatic latent image on corresponding one of the photosen-
sitive elements; an image-data acquiring section that acquires
image data that is data about an image to be formed as an
electrostatic latent image; and a light-source control section
that performs light-emission control on the light source based
on pixel data generated from acquired image data, and also
performs a neutralization process to neutralize electrical
charge on the photosensitive element by controlling the light
source to expose the photosensitive element to light. In the
neutralization process, the light-source control section
divides a period during which light-on/off control can be
performed on the light source, into sub-periods based on pixel
data input to the light-source control section, and causes the
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light sources to be lit in any one of the sub-periods so as to
always place at least one of the plurality of light sources in a
light-off state.

A method is of controlling an optical writing device con-
figured to form electrostatic latent images on a plurality of
photosensitive elements. The optical writing device includes:
aplurality of light sources, each of the light sources including
a plurality of light source elements arranged in an array, and
being configured to form an electrostatic latent image on
corresponding one of the photosensitive elements; an image-
data acquiring section that acquires image data that is data
about an image to be formed as an electrostatic latent image;
and a light-source control section that performs light-emis-
sion control on the light source based on pixel data generated
from acquired image data, and also performs a neutralization
process to neutralize electrical charge on the photosensitive
element by controlling the light source to expose the photo-
sensitive element to light. The control method includes: in the
neutralization process, dividing a period during which light-
on/off control can be performed on the light source, into
sub-periods based on pixel data input to the light-source
control section; and causing the light sources to be lit in any
one of the sub-periods so as to always place at least one of the
plurality of light sources in a light-off state.

The above and other objects, features, advantages and tech-
nical and industrial significance of this invention will be
better understood by reading the following detailed descrip-
tion of presently preferred embodiments of the invention,
when considered in connection with the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating a hardware configu-
ration of an image forming apparatus according to an embodi-
ment of the present invention;

FIG. 2 is a diagram illustrating a functional configuration
of'the image forming apparatus according to the embodiment;

FIG. 3 is a diagram illustrating a configuration of a print
engine according to the embodiment;

FIG. 4 is a diagram schematically illustrating a configura-
tion of an optical writing device according to the embodi-
ment;

FIG. 5 is a block diagram illustrating a control section of
the optical writing device according to the embodiment;

FIG. 6 is a timing diagram illustrating light emission tim-
ing of an LEDA according to the embodiment;

FIG. 7 is a diagram illustrating an arrangement of LEDs in
the LEDA according to the embodiment;

FIG. 8 is a diagram illustrating a way to light-up the LEDs
in the LEDA according to the embodiment;

FIG. 9 is a flowchart of operation performed by the image
forming apparatus according to the embodiment; and

FIG. 10 is a timing diagram of timings when light is emit-
ted from the LEDAS in a neutralization process according to
the embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

An embodiment of the present invention is described in
detail below with reference to the accompanying drawings. In
the present embodiment, a multifunction peripheral (MFP) is
exemplified as an image forming apparatus. The image form-
ing apparatus is not necessarily an MFP, and can be a copier,
a printer, a facsimile, or the like.
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FIG. 1 is a block diagram illustrating a hardware configu-
ration of an image forming apparatus 1 according to the
present embodiment. As illustrated in FIG. 1, the image form-
ing apparatus 1 according to the present embodiment has a
configuration similar to that of a general information process-
ing terminal such as a server or a personal computer (PC) and
additionally includes an engine that forms an image. More
specifically, the image forming apparatus 1 according to the
present embodiment includes a central processing unit (CPU)
10, a random access memory (RAM) 11, a read only memory
(ROM) 12, an engine 13, a hard disk drive (HDD) 14, and an
interface (I/F) 15 that are connected to one another via a bus
18. A liquid crystal display (LCD) 16 and an operating section
17 are connected to the I/F 15.

The CPU 10 is an arithmetic unit that controls operations of
the overall image forming apparatus 1. The RAM 11 is a
volatile storage medium from and to which information can
be read and written at high speed and which is used as a
working area by the CPU 10 when the CPU 10 performs
information processing. The ROM 12 is a read-only nonvola-
tile storage medium in which a program such as firmware is
stored. The engine 13 is a mechanism that practically per-
forms image formation in the image forming apparatus 1.

The HDD 14 is a nonvolatile storage medium from and to
which information can be read and written. An operating
system (OS), various types of control programs, an applica-
tion program, and the like are stored in the HDD 14. The I/F
15 connects the bus 18 with various types of hardware, a
network, and the like and controls this connection. The LCD
16 is a visual user interface that allows a user to check a status
of'the image forming apparatus 1. The operating section 17 is
auser interface such as a keyboard and a mouse to be used by
auser to input information to the image forming apparatus 1.

In such a hardware configuration, the CPU 10 performs an
operation according a program stored in a storage medium,
such as the ROM 12, the HDD 14, and an optical disk (not
shown), and loaded into the RAM 11, thereby forming a
software control section. A functional block that implement a
function of the image forming apparatus 1 according to the
present embodiment is provided by a combination of the
software control section configured as described above and
hardware.

A functional configuration of the image forming apparatus
1 according to the embodiment is described below with ref-
erence to FIG. 2. FIG. 2 is a block diagram illustrating the
functional configuration of the image forming apparatus 1
according to the present embodiment. As illustrated in FI1G. 2,
the image forming apparatus 1 according to the present
embodiment includes a controller 20, an automatic document
feeder (ADF) 21, a scanner unit 22, a paper output tray 23, a
display panel 24, a paper feed table 25, a print engine 26, a
paper output tray 27, and a network I/F 28.

The controller 20 includes a main control section 30, an
engine control section 31, an input/output control section 32,
an image processing section 33, and an operation/display
control section 34. As illustrated in FIG. 2, the image forming
apparatus 1 according to the present embodiment is config-
ured as an MFP that includes the scanner unit 22 and the print
engine 26. In FIG. 2, electrical connections are indicated by
solid-line arrows, while flows of paper are indicated by bro-
ken-line arrows.

The display panel 24 serves as an output interface that
visually displays a status of the image forming apparatus 1
and also as an input interface (operating section) used as a
touch panel by a user when the user directly operates the
image forming apparatus 1 or inputs information to the image
forming apparatus 1. The network I/F 28 is an interface that
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allows the image forming apparatus 1 to carry out communi-
cations via a network with other equipment. An FEthernet
(registered trademark) or universal serial bus (USB) interface
is used as the network I/F 28.

The controller 20 consists of a combination of software and
hardware. More specifically, the controller 20 includes a soft-
ware control section and hardware such as an integrated cir-
cuit. The software control section is implemented by control
of the CPU 10 according to a control program such as firm-
ware that is stored in the ROM 12, a nonvolatile memory, or
a nonvolatile storage medium such as the HDD 14 or the
optical disk and loaded into a volatile memory (hereinafter,
“memory”) such as the RAM 11. The controller 20 functions
as a control section that controls the overall image forming
apparatus 1.

The main control section 30 performs a function of con-
trolling sections contained in the controller 20 and provides
instructions to the sections of the controller 20. The engine
control section 31 performs a function as a driving section
that controls or drives the print engine 26, the scanner unit 22,
and the like. The input/output control section 32 inputs a
signal and an instruction having been input via the network
I/F 28, to the main control section 30. The main control
section 30 accesses other equipment via the network I/F 28 by
controlling the input/output control section 32.

The image processing section 33 generates drawing data
from print data contained in a print job input to the image
forming apparatus 1, under control of the main control section
30. This drawing data is data based on which the print engine
26, which is an image forming unit, draws an image to be
formed in an image forming operation. The drawing data is
information about pixels constituting the image to be output,
or, put another way, pixel data. The print data contained in the
print job is image data converted by a printer driver installed
on an information processing apparatus such as a PC, into a
format recognizable to the image forming apparatus 1. The
operation/display control section 34 causes the display panel
24 to display information or transmits information input via
the display panel 24, to the main control section 30.

When the image forming apparatus 1 works as a printer,
first, the input/output control section 32 receives a print job
via the network I/F 28. The input/output control section 32
transfers the received print job to the main control section 30.
On receiving the print job, the main control section 30 con-
trols the image processing section 33, thereby causing the
image processing section 33 to generate drawing data from
print data contained in the print job.

After the drawing data is generated by the image process-
ing section 33, the engine control section 31 forms an image
on paper fed from the paper feed table 25, based on the
drawing data. In other words, the print engine 26 functions as
an image forming unit. The paper on which the image is
formed by the print engine 26 is ejected onto the paper output
tray 27.

A configuration of the print engine 26 according to the
present embodiment is described below with reference to
FIG. 3. As illustrated in FIG. 3, the print engine 26 according
to the present embodiment is what is generally called as a
tandem print engine configured such that image forming sec-
tions 106 for respective colors are arranged along a carriage
belt 105 which is an endless-type conveying unit. More spe-
cifically, the plurality of image forming sections (electropho-
tography processing sections) 106BK, 106M, 106C, and
106Y are arranged along the carriage belt 105 in this order
from upstream with respect to a conveying direction of the
carriage belt 105. The carriage belt 105 is an intermediate
transfer belt on which an intermediate transfer image is to be
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6

formed. The intermediate transfer image is to be transferred
onto paper (an example of a recording medium) 104 picked
up and fed from a paper feed tray 101 by a paper feed roller
102 and a separation roller 103.

The plurality of image forming sections 106BK, 106M,
106C, and 106Y are identical in an internal configuration
except that colors of toner images to be formed by the image
forming sections differ from one another. The image forming
section 106BK forms a black image; the image forming sec-
tion 106M forms a magenta image; the image forming section
106C forms a cyan image; the image forming section 106Y
forms a yellow image. The image forming section 106BK is
specifically described below. Because the other image form-
ing sections 106M, 106C, and 106Y are similar to the image
forming section 106BK, components of the other image
forming sections 106M, 106C, and 106Y are indicated in
FIGS. 3 and 4 using symbols having corresponding one sym-
bol of M, C, and Y appended in place of BK appended to
symbols of corresponding components of the image forming
section 106BK, and their explanation is omitted.

The carriage belt 105 is an endless belt supported by and
wound around a driving roller 107 that is driven to rotate and
adrivenroller 108. The driving roller 107 is driven to rotate by
a driving motor (not shown). The driving motor, the driving
roller 107, and the driven roller 108 function as a driving unit
that moves the carriage belt 105 which is an endless convey-
ing unit.

In image formation, the image forming section 106BK,
which performs image formation first, transfers a black toner
image onto the carriage belt 105 that is driven to rotate. The
image forming section 106BK includes a photosensitive
drum 109BK which is a photosensitive element, and an elec-
trostatic charging device 110BK, an optical writing device
200, a developing unit 112BK, and a photosensitive-element
cleaner 113BK arranged around the photosensitive drum
109BK. The optical writing device 200 is configured to illu-
minate each of the photosensitive drums 109BK, 109M,
109C, and 109Y (hereinafter, collectively referred to as the
“photosensitive drum 109”) with light.

When image formation is performed, an outer peripheral
surface of the photosensitive drum 109BK is uniformly elec-
trostatically charged in the dark by the electrostatic charging
device 110BK, and thereafter subjected to optical writing
performed by the optical writing device 200 with light emit-
ted from a light source for a black image. As a result, an
electrostatic latent image is formed. The developing unit
112BK develops this electrostatic latent image with black
toner, thereby forming a black toner image on the photosen-
sitive drum 109BK.

A transfer device 115BK transfers this toner image onto the
carriage belt 105 at a position (transfer position) where the
photosensitive drum 109BK comes in contact with or comes
closest to the carriage belt 105. As a result of this transfer, a
black toner image is formed on the carriage belt 105. The
photosensitive drum 109BK from which the toner image has
been transferred is wiped by a photosensitive-element cleaner
113BK to remove unnecessary toner remaining on the outer
peripheral surface therefrom, thereby made ready for next
image formation.

The black toner image transterred onto the carriage belt
105 by the image forming section 106BK as described above
is conveyed to the next image forming section 106M by roller
drive of the carriage belt 105. The image forming section
106M performs an image forming process similar to that
performed by the image forming section 106BK to form a
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magenta toner image on the photosensitive drum 109M. The
magenta toner image is transferred to be overlaid on the
already-formed black image.

The black and magenta toner images transferred onto the
carriage belt 105 are further conveyed to the next image
forming sections 106C and 106Y where a cyan toner image
formed on the photosensitive drum 109C and a yellow toner
image formed on the photosensitive drum 109Y are trans-
ferred to be overlaid on the already-transferred toner images.
Thus, a full-color intermediate transfer image is formed on
the carriage belt 105.

The paper 104 housed in the paper feed tray 101 is fed one
sheet by one sheet from an uppermost sheet. The intermediate
transfer image formed on the carriage belt 105 is transferred
onto a surface of the paper 104 at a position where a convey-
ing path of the paper 104 comes in contact with or comes
closest to the carriage belt 105. As aresult, an image is formed
on the surface of the paper 104. The paper 104 with the image
formed on its surface is further conveyed to a fixing device
116 where the image is fixed. Thereafter, the paper 104 is
ejected to the outside of the image forming apparatus.

The optical writing device 120 according to the present
embodiment is described below. FIG. 4 is a diagram illustrat-
ing a positional relation between the optical writing device
120 and the photosensitive drums 109 according to the
present embodiment. As illustrated in FIG. 4, illumination
light emitted onto the photosensitive drums 109BK, 109M,
109C, and 109Y is emitted from LED arrays (LEDAs)
130BK, 130M, 130C, and 130Y, respectively, (hereinafter,
collectively referred to as the “LEDA 130”) which each are a
light source.

The LEDA 130 includes LEDs which each are a light-
emitting element and are arranged in a main-scanning direc-
tion of the photosensitive drum 109. A control section con-
tained in the optical writing device 120 controls light-on/off
state of each of the LEDs arranged in the main-scanning
direction based on drawing data input from the controller 20
for each main-scanning line, thereby selectively exposing a
surface of the photosensitive drum 109 to light to form an
electrostatic latent image. In the present embodiment, an
example is explained in which an LED is used as a light
source; however, it is not limited to the LED light source. The
present embodiment is similarly applicable to any light-
source element array made up of light-source elements
arranged in the main-scanning direction.

The optical writing device 120 according to the present
embodiment performs, in addition to exposure for optical
writing in such an image-forming output process as described
above, exposure for neutralization of the photosensitive
drums 109. Control related to this exposure for neutralization
is an essence of the present embodiment.

Control blocks of the optical writing device 120 according
to the present embodiment are described below with refer-
ence to FIG. 5. FIG. 5 is a diagram illustrating a functional
configuration of an optical-writing-device control section
121 that controls the optical writing device 120 according to
the present embodiment, and connection between the optical-
writing-device control section 121 and the LEDA 130. As
illustrated in FIG. 5, the optical-writing-device control sec-
tion 121 according to the present embodiment includes an
image-data acquiring section 122, a light-emission control
section 123, and a neutralization control section 124.

The optical writing device 120 according to the present
embodiment includes an information processing system as
described above with reference to FIG. 1 that includes the
CPU 10, the RAM 11, the ROM 12, and the HDD 14. The
optical-writing-device control section 121 illustrated in FIG.
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5 consists of a combination of hardware and a software con-
trol section implemented, as in a case of the controller 20 of
the image forming apparatus 1, by operations of the CPU 10
according to a control program that is stored in the ROM 12 or
the HDD 14 and loaded onto the RAM 11.

The image-data acquiring section 122 acquires image data
input from the controller 20 and performs various processing
on the image data, thereby generating data of pixels that
constitute an image to be formed, and inputs the data of pixels
to the light-emission control section 123. Examples of pro-
cessing performed by the image-data acquiring section 122
include color processing depending on characteristics of the
optical writing device 120 and processing of adjusting image
density.

The light-emission control section 123 is a light-source
control section that controls light emission from the LEDAs
130 based on image data input from the image-data acquiring
section 122 according to a horizontal synchronization signal
for synchronization in a sub-scanning direction. The light-
emission control section 123 performs light-on/oft control of
the LEDA 130 one line by one line according to the horizontal
synchronization signal. The light-emission control section
123 according to the present embodiment performs light-on/
off control of the LEDs for one line for each of groups into
which the LEDs for one line is grouped, with a sub-cycle
period obtained by dividing a cycle period of the horizontal
synchronization signal, rather than performing light-on/off
control of all the LEDs for one line at once.

FIG. 6 is a timing diagram illustrating an example of the
light-on/oft control according to the embodiment. As
described above, the light-emission control section 123
according to the present embodiment performs light emission
control of the LEDs for one line according to the horizontal
synchronization signal. At this time, the light-emission con-
trol section 123 performs light-on/off control for each of the
groups into which the LEDs for one line are divided, with the
sub-cycle period.

As shown by rises of an image transfer signal in FIG. 6, the
image-data acquiring section 122 according to the present
embodiment performs image transfer to the light-emission
control section 123 with an image transfer cycle period that is
one-eighth of the cycle period of the horizontal synchroniza-
tion signal. One high period of this image transfer signal
corresponds to a transfer period during which an image signal
to control light-on/oft of the LEDs contained in one of the
groups is transferred.

The light-emission control section 123 performs light
emission control on the LEDs of a group for which the image
signal has been transferred, in a period after an end of one
high period of the image transfer signal before an end of next
high period of the image transfer signal, in response to a rise
of an STRB signal. This light-emission control operation is
performed eight times in each cycle period of the horizontal
synchronization signal.

The light-emission control section 123 performs light
emission control according to rises of the STRB signal tim-
ings of which are set for each of the LEDAs 130. Timings
when STRB signals of the respective LEDAs 130 rise are
adjusted so that toner images of the respective colors are
transferred onto the carriage belt 105 without misregistration.
The timings of the STRB signals of the respective LEDAs 130
are adjusted in a registration process that is performed at
predetermined intervals.

The registration process is a process of reading a registra-
tion pattern formed on the carriage belt 105 and adjusting
timings when the STRB signals rise so that patterns of the
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respective colors are spaced at predetermined intervals, as in
a normal image forming process.

FIG. 7 is a diagram schematically illustrating the LEDA
130 according to the present embodiment for illustration of
arrangement of the LEDs in the LEDA 130. As illustrated in
FIG. 7, a plurality of LEDs 131 are arranged in the main-
scanning direction or, put another way, in a left and right
direction of FI1G. 7, in the LEDA 130 according to the present
embodiment. The plurality of LEDs 131 are arranged such
that positions, in a direction perpendicular to the sub-scan-
ning direction, of the LEDs 131 adjacent in the sub-scanning
direction are shifted stepwise and return to a previous position
every eight LEDs. This arrangement adapts to the light-on/off
timing described above with reference to FIG. 6.

FIGS. 8(a) and 8(b) are diagrams illustrating a way to
light-up the LEDs 131 in the LEDA 130. Targets of light-
emission control are indicated by the painted out LEDs 131.
FIG. 8(a) is a diagram illustrating a way to light-up the LEDs
131 at a time 6a in FIG. 6. As illustrated in FIG. 8(a), the
LEDs 131 at one end of the stepwise shifted eight LEDs 131
is subjected to light-on/off control at the time 6a in FIG. 6 or,
in other words, in a first one of eight sub-cycle periods into
which the cycle period of the horizontal synchronization sig-
nal is equally divided.

FIG. 8(b) is a diagram illustrating a way to light-up the
LEDs 131 at a time 6 illustrated in FIG. 6. As illustrated in
FIG. 8(b), the light-on/oft control is performed so as to cause
the LEDs 131 each arranged adjacent to corresponding one of
the LEDs 131 that are subjected to light-on/off control in the
first one of the eight sub-cycle periods are subjected to light-
on/off control at the time 654 illustrated in FIG. 6 or, in the
other words, in a second one of the eight sub-cycle periods.
When this control scheme and arrangement of the LEDs 131
described above are employed, an image can be formed with-
out misregistration in the sub-scanning direction in spite of
the time-shifted light-on/off control illustrated in FIG. 6.

Note that the targets of the light-on/off control are indi-
cated by the painted out LEDs in FIGS. 8(a) and 8(5), the
painted out LEDs are not always to be lit. More specifically,
each of the painted out LEDs 131 which are the targets of the
light-on/oft control is lit only when a pixel corresponding to
that LED 131 is to be colored according to an image to be
formed. Furthermore, total quantity of light to be emitted
from the optical writing device 120 according to the present
embodiment is regulated, and thus control is performed so as
to prevent a situation where all the LEDs 131 that are the
targets of the light-on/off control light up concurrently at each
of light-on times indicated by 6a and 65 in FIG. 6.

Total light quantity regulation described above is realized
by that the image-data acquiring section 122 processes image
data so as to, for example, prevent a situation where all of the
eight LEDs 131 of each of th groups into which the LEDs 131
are divided as illustrated in FIGS. 8(a) and 8(5) light up
concurrently.

The neutralization control section 124 performs control
when the optical writing device 120 performs exposure for
neutralization (hereinafter, a “neutralization process”). In the
neutralization process, instead of the image-data acquiring
section 122, the neutralization control section 124 provides
the light-emission control section 123 with data which corre-
sponds to image data, that is, data according to which the
LEDAs 130 arelit. The neutralization control section 124 also
stores an operation setting value for use by the light-emission
control section 123 in the neutralization process, and makes
operation settings of the light-emission control section 123
when the neutralization process is performed.
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An essence of the present embodiment configured in this
way lies in operation settings of the light-emission control
section 123 in the neutralization process. The neutralization
process according to the present embodiment is described
below. FIG. 9 is a flowchart of operation performed by the
image forming apparatus 1 according to the present embodi-
ment. As illustrated in FIG. 9, when the image forming appa-
ratus 1 receives a print job (8901), the print engine 26 starts
execution of the print job under control of the controller 20.

In the print engine 26, the light-emission control section
123 of the optical-writing-device control section 121 sets
normal light emission timings described above with reference
to FIG. 6 (8902), and controls light emission from the LEDAs
130 according to input image data, thereby running the print
job (S903).

When the single print job is completed, the neutralization
control section 124 sets light emission timings for the neu-
tralization process (S904). Thereafter, the light-emission con-
trol section 123 performs the neutralization process (S905)
and resets settings back to settings for the normal light emis-
sion timings (S906). Processing then ends. The light emission
timings for the neutralization process that are to be set at S904
are described below with reference to FIG. 10.

As descried above, in a normal image-forming output pro-
cess, timings of the STRB signals are adjusted so that toner
images formed on the photosensitive drums 109 of the respec-
tive colors are overlaid on one another without misregistra-
tion when transferred onto the carriage belt 105. In contrast
thereto, development and transfer of the toner images are not
performed in the neutralization process, and thus it is unnec-
essary to perform registration of exposure positions and trans-
fer positions of the photosensitive drums of the respective
colors. Accordingly, adjustment of timings of the STRB sig-
nals as in the normal image-forming output process is unnec-
essary in the neutralization process.

Meanwhile, it is necessary to expose entire surfaces of the
photosensitive elements 109 to light in the neutralization
process. For this reason, in the neutralization process, the
light-emission control section 123 does perform total light
quantity regulation as described above but causes all the
LEDs that are targets of light-emission control, to emit light at
each timing such as that illustrated in FIGS. 8(a) and 8(5).

If the LEDAs 130 associated with the plurality of photo-
sensitive drums 109 are caused to emit light concurrently in
this condition where total light quantity regulation is not
performed, an amount of electric current required at this
instant becomes considerably large. As a result, a power
source unit of a capacity appropriate for this large amount of
electric current becomes necessary. To solve this problem, the
present embodiment has a feature that timings of light emis-
sion from the LEDAs 130 associated with the photosensitive
drums are differentiated in the neutralization process.

FIG. 10 is a timing diagram of timings when light is emit-
ted from the LEDAs 130 in the neutralization process accord-
ing to the present embodiment. As in a case of light emission
timing control in the normal image-forming output process
described above with reference to FIG. 6, light-on/off control
is performed with the sub-cycle period that is one eighth of
the cycle period of the horizontal synchronization signal, in
the neutralization process. An image signal for use in the
neutralization process is a signal to cause all the LEDs 131 to
light up, and supplied from the neutralization control section
124 to the light-emission control section 123.

As illustrated in FIG. 10, a light-up duration corresponding
to one sub-cycle periodis aperiod T, between timet, at which
transfer of one image signal is completed and time t, at which
transfer of a subsequent image signal is completed. In other
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words, the period T, illustrated in FIG. 10 is a period during
which light-on/off control according to input pixel data canbe
performed. In the neutralization process, the light-emission
control section 123 generates first to fourth STRB signals
each of which goes high over corresponding one of four
sub-periods, into which the period T, illustrated in FIG. 10 is
divided, to cause the LEDAs 130Y, 130C, 130M, and 130BK
to light up, respectively. The neutralization control section
124 sets such timings for this light-on/off control.

Over a course where this light-on/off control is repeatedly
performed by an amount corresponding to one turn of the
photosensitive drums 109, the entire surfaces of the photo-
sensitive drums 109 are exposed to light. As a result, remain-
ing electrical charge is neutralized. When this light-on/off
controlis employed, because a situation where two or more of
the LEDAs 130 light up concurrently does not occur, flow of
an electric current as large as in a case where two or more of
the LEDAs 130 light up currently does not occur. Therefore,
a power source unit of a capacity appropriate for the large
electric current becomes unnecessary, and the apparatus can
be constructed of less expensive components.

As described above, timing control of STRB signals as in
the normal image-forming output process is unnecessary in
the neutralization process. If the light-on/off control is per-
formed in a condition where timings of STRB signals are
controlled as in the normal image-forming output process,
timings of the STRB signals for the LEDAs 130 ofthe respec-
tive colors illustrated in FIG. 10 are shifted according to a
control amount and thus two or more of the LEDAs 130 may
be undesirably lit up concurrently. Therefore, it is necessary
in the neutralization process to perform light-on/off control
without performing timing control that is performed in a
normal image-forming output process for registration of the
toner images of the respective colors.

As described above, the optical writing device 120 accord-
ing to the present embodiment performs light-on/off control
of'causing each of'the LEDAs 130 to light up in one of the four
sub-periods into which a single period during which light-on/
off control can be performed is divided when the optical
writing device 120 performs exposure of the photosensitive
drums 109 for neutralization in the neutralization process,
thereby preventing a situation where the four LEDAs 130 are
lit up concurrently. This light-on/off control allows reducing
a maximum amount of electric current necessary for the neu-
tralization process performed by an optical writing device
that performs exposure of photosensitive elements using
light-source element arrays each made up of a plurality of
light-source elements.

In the above embodiment, an example is explained where
the photosensitive drums 109 are rotated one turn while the
light-on/oft control is performed with timings illustrated in
FIG. 10. However, in the neutralization process according to
the present embodiment, a period over which the LEDs 131
are to be lit up in one light-on/off control cycle is restricted to
one fourth of a period during which light-on/oft control can
be performed, to limit the number of the LEDs 131 that are lit
up currently. Accordingly, there can be a case where amounts
of exposure of the photosensitive drums 109 are insufficient.
In such a case, sufficient neutralization of the photosensitive
drums 109 can be achieved by rotating the photosensitive
drums 109 two or three turns.

When a neutralization process is performed by rotating the
photosensitive drums 109 multiple turns, a scheme of rotating
the photosensitive drums 109 four turns and dedicating each
full turn to exposure of one of the photosensitive drums 109 is
conceivable. However, this scheme undesirably requires
rotating the photosensitive drums 109 multiple turns corre-

10

20

25

30

35

40

45

50

55

60

65

12

sponding to number of the photosensitive drums 109. When
this scheme is applied to the present embodiment, four turns
are required. In contrast, in the neutralization process accord-
ing to the present embodiment, a neutralization process can
be completed with two or three turns if amounts of exposure
of the photosensitive drums 109 become sufficient. Accord-
ingly, time necessary for a neutralization process can be
reduced.

A scheme of decreasing a rotation speed of the photosen-
sitive drums 109 to ensure a sufficiently long exposure period
can be employed in a case where the photosensitive drums
109 are exposed to light insufficiently with the one-fourth
period, inspite of the scheme of rotating the photosensitive
drums 109 two or three turns. To implement this scheme, the
neutralization control section 124 makes operation settings of
not only the light-emission control section 123 but also of a
controller that controls rotations of the photosensitive drums
109.

In the above embodiment, an example is explained where,
as illustrated in FIG. 10, a period during which light-on/off
control can be performed is divided into four sub-periods and
each of the LEDAs 130 is lit up for neutralization in one ofthe
sub-periods, thereby limiting a maximum amount of electric
current to an amount of electric current necessary for lighting
up the single LEDA 130. In other words, in this control, a
period during which light-on/off control can be performed is
divided into sub-periods number of which corresponds to
number of the LEDAs 130 and each of the LEDAs 130 is lit up
in one of the sub-periods.

However, applicable control scheme is not limited thereto.
Ifitis possible to use a power source unit of a capacity capable
of'supplying an amount of electric current necessary for light-
ing up two of the LEDAs 130, a control scheme of dividing a
period during which light-on/off control can be performed
into two sub-periods and lighting up every two of the LEDAs
130 in one of the sub-periods can be employed. This control
scheme can also avoiding passage of electric current as large
as in a case where all the LEDAs 130 are lit up concurrently.

Thus, an essence of the present embodiment lies in that the
period T, illustrated in FIG. 10 is divided into sub-periods and
each of the plurality of LEDAs 130 is caused to light up in any
one of the sub-periods so as to always place at least one of the
plurality of LEDAs 130 in a light-off state, thereby reducing
an amount of electric current required at a time.

In the above embodiment, an example is explained where
the neutralization process is performed on all of the four
photosensitive elements. However, the neutralization process
is performed to neutralize remaining electrical charge from
the photosensitive drums 109 after completion of a print job.
Accordingly, neutralization is unnecessary for the photosen-
sitive drum(s) 109 that is not used in a image-forming output
process.

Therefore, it is preferable to perform neutralization only on
the photosensitive drum(s) 109 used in a print job but not to
perform neutralization on the photosensitive drum(s) 109
unused in the print job. Accordingly, a neutralization process
can be optimized by adjusting a manner of dividing the period
T, illustrated in FIG. 10 according to an image formed by a
print job.

Preferably employed for this optimization is a control
scheme of setting exposure periods of the LEDAs 130 by
dividing a period from completion of input of one image
signal to completion of input of a subsequent image signal
during which period light-on/off control can be performed,
into sub-periods number of which corresponds to number of
the photosensitive drums 109 on which neutralization is to be
performed rather than into four sub-periods. This control
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scheme makes it possible to lengthen an exposure period of
the LEDA 130, thereby ensuring a sufficiently long exposure
period without rotating the photosensitive drums 109 mul-
tiple turns or decreasing rotation speed of the photosensitive
drums 109 as described above.

This setting that depends on number of the photosensitive
drums 109 on which neutralization is to be performed is also
to be made by the neutralization control section 124. More
specifically, the neutralization control section 124 recognizes
which one(s) of the photosensitive drums 109 has been used
in the print job, and inputs, to the light-emission control
section 123, operation setting data to set a light-on/off control
period and the photosensitive drum(s) 109 to be lit, depending
onnumber ofthe photosensitive drums 109 having been used.
By employing this control scheme, control as described
above can be achieved.

Examples where this control scheme is applicable include
a neutralization process performed after black-and-white
printing. Black-and-white printing is performed using only
the photosensitive drum 109BK for black. In this case, neu-
tralization is to be performed only on the photosensitive drum
109BK, and light-on/off control is to be performed only on
the LEDA BK. Accordingly, equal division of a period during
which light-on/off control can be performed as described
above is not performed, but the whole of every period during
which light-on/off control can be performed is used to light up
the LEDA 130BK.

In such a neutralization process only for one color as in this
case, light-on/off control is not performed on the LEDAs 130
associated with the other photosensitive drums 109. Accord-
ingly, control to prevent a situation where two or more of the
LEDAs 130 light up concurrently is unnecessary. Therefore,
it is preferable to perform a neutralization process only for
one color without canceling timing control for the STRB
signals performed in the normal image-forming process,
thereby reducing processing load.

In the above embodiment, an example is explained where a
period during which light-on/off control can be performed is
equally divided. Alternatively, the light-up periods of the
LEDAs 130 of the respective colors can be individually
adjusted. For example, a control scheme of assigning a long
light-up period to one of the LEDAs 130 for a color with
which a large number of pixels are colored in the print job
performed at S903, while assigning a short light-up period to
one of the LEDAs 130 for a color with which a small number
of pixels are colored, can be employed.

This control scheme can be implemented, for example, by
counting, by the neutralization control section 124, number of
colored pixels in pixel data that is input from the image-data
acquiring section 122 to the light-emission control section
123, and controlling a manner of dividing the period T illus-
trated in FIG. 10 depending on a result of the counting. This
operation scheme makes it possible to optimize an exposure
process performed for neutralization.

According to an embodiment, reduction in a maximum
amount of electric current necessary for a neutralization pro-
cess in an optical writing device that performs exposure of
photosensitive elements using light-source element arrays
each made up of a plurality of light-source elements can be
achieved.

Although the invention has been described with respect to
specific embodiments for a complete and clear disclosure, the
appended claims are not to be thus limited but are to be
construed as embodying all modifications and alternative
constructions that may occur to one skilled in the art that
fairly fall within the basic teaching herein set forth.
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What is claimed is:

1. An optical writing device configured to form electro-
static latent images on a plurality of photosensitive elements,
the optical writing device comprising:

a plurality of light sources, each of the plurality of light
sources including a plurality of light source elements
arranged in an array, and being configured to form an
electrostatic latent image on a corresponding one of the
plurality of photosensitive elements;

an image-data acquirer that acquires image data, the image
data being data about an image to be formed as the
electrostatic latent image; and

a light-source controller that performs light-emission con-
trol on the plurality of light sources based on pixel data
generated from the acquired image data, and performs a
neutralization process to neutralize electrical charge on
the corresponding one of the plurality of photosensitive
elements by controlling the plurality of light sources to
expose the corresponding one of the plurality of photo-
sensitive elements to light, wherein

during the neutralization process, the light-source control-
ler divides a period during which light-on/off control can
be performed on the plurality of light sources into sub-
periods based on the pixel data input to the light-source
controller, and causes a corresponding group of the plu-
rality of light source elements of each of the plurality of
light sources to be lit in a corresponding sub-period,
while other groups of the plurality of light source ele-
ments of each of the plurality of light sources are main-
tained in a light-off state in said corresponding sub-
period.

2. The optical writing device according to claim 1, wherein
during the neutralization process, the light-source controller
divides the period during which the light-on/off control can
be performed into the sub-periods, a number of the sub-
periods corresponding to a number of groups of the plurality
of light source elements of each of the plurality of light
sources, and causes the plurality of light sources to be litin a
manner that the corresponding group of the plurality of light
source elements of each of the plurality of light sources is lit
in said corresponding sub-period.

3. The optical writing device according to claim 1, further
comprising a neutralization-process-operation  setter,
wherein

the corresponding one of the plurality of photosensitive
elements rotates relative to a corresponding light source
of the plurality of light sources, so that the electrostatic
latent image is formed on a surface of the corresponding
one of the plurality of photosensitive elements, and

the neutralization-process-operation setter sets a first rota-
tion speed of the corresponding one of the plurality of
photosensitive elements during the neutralization pro-
cess to be slower than a second rotation speed of the
corresponding one of the plurality of photosensitive ele-
ments in a normal image-forming output process.

4. The optical writing device according to claim 1, wherein
the light-source controller performs the neutralization pro-
cess after completion of an image-forming output process,
and controls a manner of dividing the period during which the
light-on/oft control can be performed according to the image
having been output in the image-forming output process.

5. The optical writing device according to claim 4, wherein
the light-source controller controls a manner of dividing the
period during which the light-on/off control can be performed
during the neutralization process depending on a number of
colored pixels in respective pieces of the pixel data, each of
the pieces of the pixel data having been generated for a
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corresponding one of the plurality of light sources in the
image-forming output process.

6. The optical writing device according to claim 4, wherein
the light-source controller performs the neutralization pro-
cess only on a photosensitive element used in the image-
forming output process among the plurality of photosensitive
elements.

7. An image forming apparatus comprising an optical writ-
ing device, the optical writing device configured to form
electrostatic latent images on a plurality of photosensitive
elements, and comprising:

a plurality of light sources, each of the plurality of light
sources including a plurality of light source elements
arranged in an array, and being configured to form an
electrostatic latent image on a corresponding one of the
plurality of photosensitive elements;

an image-data acquirer that acquires image data, the image
data being data about an image to be formed as the
electrostatic latent image; and

a light-source controller that performs light-emission con-
trol on the plurality of light sources based on pixel data
generated from the acquired image data, and performs a
neutralization process to neutralize electrical charge on
the corresponding one of the plurality of photosensitive
elements by controlling the plurality of light sources to
expose the corresponding one of the plurality of photo-
sensitive elements to light, wherein

during the neutralization process, the light-source control-
ler divides a period during which light-on/off control can
be performed on the plurality of light sources into sub-
periods based on the pixel data input to the light-source
controller, and causes a corresponding group of the plu-
rality of light source elements of each of the plurality of
light sources to be lit in a corresponding sub-period,
while other groups of the plurality of light source ele-
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ments of each of the plurality of light sources are main-
tained in a light-off state in said corresponding sub-
period.

8. A method of controlling an optical writing device con-

5 figured to form electrostatic latent images on a plurality of

photosensitive elements, wherein
the optical writing device includes:

a plurality of light sources, each of the plurality of light
sources including a plurality of light source elements
arranged in an array, and being configured to form an
electrostatic latent image on a corresponding one of
the plurality of photosensitive elements;

an image-data acquirer that acquires image data, the
image data being data about an image to be formed as
the electrostatic latent image; and

a light-source controller that performs light-emission
control on the plurality of light sources based on pixel
data generated from the acquired image data, and
performs a neutralization process to neutralize elec-
trical charge on the corresponding one of the plurality
of photosensitive elements by controlling the plural-
ity of light sources to expose the corresponding one of
the plurality of photosensitive elements to light, and

the control method comprises:

during the neutralization process, dividing a period dur-
ing which light-on/off control can be performed on
the plurality of light sources into sub-periods based on
the pixel data input to the light-source controller; and

causing a corresponding group of the plurality of light
source elements of each of the plurality of light
sources to be lit in a corresponding sub-period, while
other groups of the plurality of light source elements
of'each of the plurality of light sources are maintained
in a light-off state in said corresponding sub-period.
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